Abstract As the mechanism of aged black garlic (ABG) extract affecting lipid metabolism in adipocytes remains unclear, this study evaluated the effect of ABG extract on lipid metabolism and the expression of related proteins in mature 3T3-L1 adipocytes. ABG extract treatments at 0, 0.625, 1.25, and 2.5, and 5 mg/mL had no effect on cell morphology or viability in adipocytes. ABG extract suppressed lipogenesis and induced lipolysis in a dose-dependent manner compared to control. Furthermore, ABG extract at 2.5 and 5 mg/mL significantly reduced protein expression of proliferator activated receptor c (PPARc) and perilipin in mature 3T3-L1 adipocytes. The hormone-sensitive lipase (HSL) and Ser 563 -pHSL levels were also significantly reduced by treatment with 5 mg/mL of ABG extract. Taken together, these results suggest that ABG extract has anti-lipogenic and lipolytic effects in mature 3T3-L1 adipocytes, indicating a potential in anti-obesity therapies.
Introduction
Adipose tissue plays a critical role in maintaining energy homeostasis of the body, and white adipose tissue in mammals has the capacity to store and release energy in the form of lipids [1] . Obesity is a condition characterized by the accumulation of excess fat tissue [2] . Therefore, adipocyte is one of the most important targets for research and development of new strategies for obesity treatment.
Proliferator activated receptor c (PPARc) play key roles in balancing lipid metabolism by controlling the expression of target genes associated with lipid accumulation, fatty acid oxidation, and lipolysis [3] . Thus, some treatments for obesity may try to affect lipid metabolism modulation. One of the molecular targets in this scheme may be PPARc, as it is a transcription factor mainly expressed in the adipose tissue, and it affects adipocyte differentiation both in vivo and in vitro [3] , indicating that PPARc is involved in both adipogenesis and lipogenesis.
Lipolysis is a regulated catabolic process involving cooperated participation of several lipases, cofactors, and lipid droplet-associated proteins. Hormone-sensitive lipase (HSL), an important lipase, is known as a triglyceride lipase. It mainly hydrolyzes triacylglycerols to release fatty acids and diglycerides [4] . On modulating HSL, a lipid droplet-associated protein, perilipin, is a crucial component of lipolysis as it controls the action of HSL [5] .
Garlic (Allium sativum L.) has long been used for culinary and medicinal purposes from very early times [6] . Despite its beneficial effects, raw garlic has a peculiar smell and acrid taste. Aged black garlic (ABG) is made by ripening raw garlic at high temperatures and humidity to remove its peculiar smell and taste [7] . Through this ripening process, bioactive compounds are also newly formed or altered [8] . It has been reported that black garlic has a stronger anti-oxidant and anti-lipidemic effect compared to raw garlic [9] . ABG extract have also been reported to have an anti-adipogenic effect in 3T3-L1 preadipocytes [10] .
Only few studies, however, have reported the lipidlowering effect of black garlic [11] . The objective of this study was to determine the anti-obesity effect of aged black garlic extract (ABG) on lipid metabolism in mature 3T3-L1 adipocytes.
Materials and methods

Preparation of aged black garlic (ABG) extract
The ABG extract was provided by Medience Incorporated (Chuncheon, Korea). ABG at 1 kg was homogenized and extracted with 20% methanol (MeOH; 5 L) in an extractor for 6 h. The mixture was then filtered with Whatman No. 3 filter paper. The total filtrate was concentrated by evaporation, and the residue of ABG was dissolved in deionized water. The total yield was 41% and containing 3.7% poly phenolic compounds.
Cell culture and cell viability assay 3T3-L1 preadipocytes (American Type Culture Collection, Manassas, VA, USA) were maintained in DMEM containing 10% newborn calf serum (NCS), 100 IU/mL penicillin, and 100 lg/mL streptomycin in a humidified atmosphere of 37°C, 5% CO 2 . To induce adipogenesis, the cells were cultured for 2 days until confluency. This induction was in presence of the differentiation mixture containing 5 lg/mL insulin, 0.5 lM dexamethasone, and 0.5 lM 3-isobutyl-1-methylxanthine (IBMX) in DMEM with 10% fetal bovine serum (FBS). Thereafter, the medium was replaced with 10% FBS/DMEM containing 5 lg/ mL insulin every 2 days. Cell viability assay was performed according to the method described by Kim et al. [16] .
Oil Red O staining
Oil Red O staining was performed using Kim's protocol [12] with minor modifications. The morphology of the cells was examined under an inverted microscope (ZEISS, Oberkochen, Germany) and the images were captured using a digital camera (Nikon, Tokyo, Japan). The values were calculated as percentages of the untreated control and expressed as mean ± standard deviation (SD). Glycerol concentrations were calculated based on a standard calibration curve.
Glycerol release assay
Mature 3T3-L1 adipocytes were treated with ABG extract for 48 h. Released free glycerol was then assayed using the Glycerol Assay Kit according to the manufacturer's protocol (MAK117, Sigma-Aldrich, St. Louis, MO, USA). The supernatants were collected and added with reagent. They were then added to a 96-well plate. The absorbance at 570 nm was measured using a luminescence microplate reader.
Western blot analysis
Cell extracts were prepared by adding a protein extraction solution (PRO-PREP, Intron Biotechnology, Sungnam, Korea). Protein concentration in cell lysates was determined according to the method described by Bradford [13] . Blots were incubated with primary antibodies (including PPARc (1:200), p-HSL-Ser563 (1:500), HSL (1:1000), and perilipin (1:1000) at 4°C overnight (Cell Signaling, Beverly, MA, USA). After washing, the blots were incubated with goat anti-rabbit IgG-HRP secondary antibody (NOVUS Biologicals, Littleton, CO, USA) (1:200,000) in a blocking solution. The target protein was detected using ECL western blotting detection reagent (GE Healthcare, Chicago, IL, USA).
Statistical analysis
Data are presented as mean ± SD. To determine the statistical significance, data were analyzed using student's t test with Microsoft Excel 2010 program (Microsoft Inc., Redmond, WA, USA). A p value of less than 0.05 was considered statistically significant.
Results and discussion
To investigate the effect of ABG extract on viability in mature 3T3-L1 adipocytes, the cell was treated with various concentrations of ABG extract for 72 h. As shown in Fig. 1(A) , ABG extract at 0.625, 1.25, and 2.5 and 5 mg/ mL did not display any cytotoxic effect. Thus, ABG extract at 0.625-5 mg/mL was considered to be non-cytotoxic to mature 3T3-L1 adipocytes in this study.
ABG extract at 2.5 and 5.0 mg/mL resulted in 24 and 42% of decrease (p \ 0.01 and p \ 0.005) in oil droplet staining, respectively, when compared to that of the control [ Fig. 1(B) ]. These results suggest that ABG extract might have anti-lipogenic effect in mature 3T3-L1 adipocytes. ABG extract also containing 3.7% polyphenol compounds. Some polyphenols reduces fat mass in animal models as well as human fat cells through suppression of adipocyte differentiation, reduces lipogenesis, and increases lipolysis in adipocytes [14] . Aged garlic extract (AGE) contains several active compounds, including S-allylcysteine (SAC) and allixin. SAC, the most abundant organosulfur compound have been reported to have anti-oxidative, anti-hypertensive, and anti-inflammatory effects [8] . However, there are few studies on the lipolysis of AGE.
To analyze the lipolytic effect of ABG extract in mature 3T3-L1 adipocytes, glycerol release was measured as indicator of lipolysis as described in the Materials and Methods section. ABG extract at 2.5 and 5.0 mg/mL resulted in 11 and 34% increases (both p \ 0.005), respectively, when compared to that of the control, in a dose-dependent manner (Fig. 2) .
The expression levels of PPARc were reduced by up to 75 and 87% (both p \ 0.005), respectively, by 2.5 and 5 mg/mL of ABG extract [ Fig. 3(A) ]. The expression levels of Ser 563 -pHSL transcriptional factor during lipolysis were significantly (p \ 0.005) down-regulated (up to 33%) by 5 mg/mL of ABG extract [ Fig. 3(B) ]. HSL total protein level was also significantly (p \ 0.005) down- regulated (up to 53%) by 5 mg/mL treatment with ABG extract [ Fig. 3(B) ]. The protein level of perilipin, a barrier protein of lipid droplet (LD), was also significantly (p \ 0.005) down-regulated (up to 91%) by treatment with 5 mg/mL of ABG extract [ Fig. 3(C) ]. The rate of lipolysis in adipocyte is determined by both the expression of lipolytic enzymes and the integrity of lipid droplets [15] . PPARc is required for maintaining mature 3T3-L1 adipocyte function, including triglyceride synthesis and storage [16] . In the present study, the expression of PPARc protein was significantly down-regulated by treatment with 2.5 and 5 mg/mL of ABG extract in mature 3T3-L1 adipocyte [ Fig. 3(A) ]. These results showed that ABG extract inhibited lipid accumulation in mature 3T3-L1 adipocytes. HSL, a major lipase, is a triglyceride lipase that is usually present in the cytoplasm [4] . Phosphorylated HSL is responsible for increasing HSL hydrolytic activity/translocation by forming a complex with PKA-phosphorylated perilipin located on the surface of LDs, leading to lipolysis [4] . In this study, HSL and phosphorylated HSL (Ser 563 ) protein levels were significantly down-regulated by treatment with 5 mg/mL of ABG extract in mature 3T3-L1 adipocytes [ Fig. 3(B) ].
It has been reported that partial knockdown of PPARc can down-regulate triglyceride lipase (ATGL) and HSL, the two major lipases in adipocytes [17] . Thus, inhibition of PPARc can explain the inhibitory effect of ABG in lipogenesis. Perilipin is a structural lipid droplet-associated protein that normally inhibits HSL, and perilipin is a target gene of PPAR-c [18] . In present study, it was possible that reduced expression of PPAR-c partially promoted lipolysis through down-regulating its target gene perilipin in ABGtreated mature 3T3-L1 adipocytes [ Fig. 3(C) ].
In conclusion, the present study suggests that ABG extract could suppress lipogenesis by reducing the expression of PPARc while enhancing lipolysis by upregulating HSL phosphorylation at Ser 563 and downregulating perilipin in mature 3T3-L1 adipocytes. Thus, ABG extract has anti-obesity effects by stimulating lipolysis in adipocytes and by inhibiting lipogenesis in adipocytes. These results suggest that ABG may be useful for the treatment of obesity. 
